I
diopathic condylar resorption (ICR) is a specific condition that affects the jaw joints (temporomandibular joints or TMJs) and most commonly occurs in teenage girls. It sometimes has been referred to as "cheerleaders syndrome," because it frequently occurs in teenage girls participating in sports activities which, through minor or major trauma to the jaws, can initiate or exacerbate the condition. ICR is also known as idiopathic condylysis, condylar atrophy, and progressive condylar resorption. This is a well-documented but poorly understood disease process that occurs with a 9:1 female-to-male frequency ratio and rarely develops after the age of 20 years.
A number of local and systemic pathologies or diseases can cause mandibular condylar resorption. Local factors include osteoarthritis, reactive arthritis, avascular necrosis, infection, and traumatic injuries. Systemic connective tissue or autoimmune diseases that can cause condylar resorption include rheumatoid arthritis, psoriatic arthritis, scleroderma, systemic lupus erythematosus, Sjögren syndrome, ankylosing spondylitis, and others. ICR is a specific disease entity different from these other disease processes. Therefore, it has a specific diagnostic presentation and treatment protocol. ICR causes mandibular condylar resorption and, with loss of vertical dimension of the condyle, it can create occlusal (bite relationship) and musculoskeletal instability, resulting in the development of dentofacial deformities, TMJ dysfunction, and pain.
The occurrence of ICR has been identified by many authors as being associated with orthodontic treatment and orthognathic (i.e., corrective jaw) surgery (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . This association may, in fact, be coincidental and not reflect a specific cause-and-effect relationship. Recommended treatment for ICR at one time included splint therapy to minimize joint loading, nonloading orthodontic and orthognathic surgical procedures after the disease had been in remission 6 to 12 months, arthroscopic lysis and lavage, condylar replacement with a costochondral graft if the ICR could not be controlled or recurred, and maxillary surgery only to correct the occlusal deformity (5, 6, (11) (12) (13) (14) . None of these management strategies for ICR provides predictable, stable outcomes for the TMJ, optimizes function and aesthetic results, or eliminates pain. Wolford and Cardenas recently published a treatment protocol that effectively stops the disease process, provides reliable functional and aesthetic results, and eliminates or significantly reduces pain levels (15) . This article presents the diagnostic factors for ICR, the specific treatment protocol, and the expected outcomes. 
ICR PREDISPOSITION
Specific factors and preexisting facial morphologic characteristics significantly increase susceptibility to ICR. These factors include female sex; age range from 10 to 20 years, with a strong predilection for teenagers in their pubertal growth phase; high occlusal plane angle and mandibular plane angle (i.e., dolicocephalic) facial morphology ( Figure 1a,1b) ; and predominance of class II skeletal (retruded lower jaw) and occlusal relationships with or without open bite (Figure 1c ). ICR rarely occurs in patients with low occlusal and mandibular plane angles (i.e., brachyocephalic) facial types or class III (lower jaw forward of the upper jaw) skeletal relationships.
PATHOGENESIS OF ICR
Although the specific cause of ICR has not been clearly identified, its strong predilection for teenage girls in their pubertal growth phase supports a theory of hormonal mediation. Estrogen receptors have been identified in the TMJs of female primates (16, 17) ; in human TMJ tissues of patients affected by TMJ symptoms such as TMJ pain, headache, myofascial pain, clicking and popping, and crepitation (18) ; and in arthritic knee joints (19) . Estrogen is known to mediate cartilage and bone metabolism in the female TMJ. An increase in receptors may predispose to an exaggerated response to joint loading from parafunctional activity, trauma, orthodontics, or orthognathic surgery. I believe that progression of this disease is as follows: Hormones mediate biochemical changes within the TMJ, causing hyperplasia of the synovial tissues; this stimulates production of destructive substrates that initiate breakdown of the ligamentous structures that normally support and stabilize the articular disc in position. This breakdown allows the disc to become anteriorly displaced. The hyperplastic synovial tissue then assumes a position around the head of the condyle, further exposing the condyle to the substrates that create the resorptive phenomenon (Figure 2 ). The condyle shrinks in size in all 3 planes of space as a result of resorption occurring in the subcondylar bone without clinically apparent destruction of the fibrocartilage on the condylar head and roof of the fossa; this is unlike the arthritides, which destroy BUMC PROCEEDINGS 2001;14:246-252 fibrocartilage by an inflammatory disease process. ICR can progress for a while and then go into remission or progress until the entire condylar head has been resorbed. In cases that go into remission, excessive joint loading (i.e., parafunctional habits, trauma, orthodontics, or orthognathic surgery) can reinitiate the resorption process later in life.
CLINICAL EVALUATION AND DIAGNOSIS
A diagnosis of ICR can usually be made on the basis of patient history, clinical examination, and imaging. Patients may report progressive worsening of their occlusion and aesthetics, with or without TMJ symptoms and associated pain. When the disease process occurs bilaterally, it is usually accompanied by a relatively symmetric posterior shift of the mandible, development or worsening of the class II occlusal relationship (the lower teeth positioned excessively posteriorly relative to the upper teeth), and development of an anterior open bite (Figure 1c) . In unilateral cases, or in bilateral cases with different rates of resorption, the following occurs: 1) the mandibular dental midline and chin shift toward the affected side; 2) an ipsilateral class II occlusion, crossbite, and posterior occlusal prematurities develop; and 3) an open bite develops on the contralateral side of the jaws. Although TMJ symptoms can be present, oftentimes they are mild or nonexistent. In fact, 25% of the patients in our study had no TMJ symptoms (15) . Clicking and popping may be absent because the hyperplastic synovial tissue increases the joint space thickness, which provides a smooth transition onto the displaced disc during condylar translation. Rarely are other body joints The surgical treatment objective (prediction tracing) demonstrates the orthognathic procedures required to achieve a good functional and aesthetic result, including maxillary and mandibular osteotomies with counterclockwise rotation of the occlusal plane and augmentation genioplasty.
age of 20 years; 2) decreased joint space between condyle and fossa; 3) erosion of the condyle and fossa with loss of fibrocartilage; 4) osteophyte formation; 5) anterior condylar beaking; 6) involvement of other joints; and 7) other systemic problems (e.g., problems of the female reproductive system, urinary tract, gastrointestinal tract, or chronic upper and lower respiratory infections). Reactive arthritis may be related to bacterial infections (i.e., Chlamydia, Mycoplasma) (20, 21) and requires different treatment considerations than ICR.
IMAGING FINDINGS
Four imaging studies are particularly helpful in diagnosis and treatment planning for ICR: lateral cephalometric radiographs, lateral cephalometric TMJ tomograms, panographic radiographs, and magnetic resonance imaging (MRI). Findings on lateral cephalometric radiographic films include skeletal and occlusal class II deformity (Figure 3a) , anterior open bite, high occlusal plane angle, high mandibular plane angle, decreased vertical height of the ramus, possible overangulation of the lower incisors, and significant narrowing of the oropharyngeal airway in more severe cases, which may result in the development of sleep apnea symptoms (22) . Serial lateral cephalometric radiographs demonstrate slow but progressive retrusion of the mandible during the active resorption phase of the disease. If the condition occurs unilaterally, then findings on lateral cephalometric radiographic images include unilateral skeletal and occlusal class II deformity; vertical height difference at the mandibular inferior borders, ramus, and occlusal plane; and open bite on the unaffected jaw.
Cephalometric tomographic evaluation of the TMJs usually shows relatively normal or excessive joint space because of the hyperplasia of the synovial tissues within the joint. The involved condylar head will appear smaller in size; the degree of this size difference depends on the length of time since onset and the aggressiveness of the disease. The cortical bone on the head of the condyle may lose some integrity. Superimposition of serial cephalometric tomograms helps document the presence of active condylar resorption. Bone scans may be of no significant diagnostic benefit in ICR.
MRI is very helpful in the diagnostic process. Expected findings include decreased condylar size and volume; anterior disc displacement, with or without reduction on opening; extreme thinness or loss of continuity of cortical bone on the head of the condyle; and often thick, amorphous-appearing soft tissue occupying the space between the condyle and fossa (Figure 2 ). The degree of deformation and degenerative changes of the disc will depend on the length of time that the disc has been displaced. The surgeon must determine if the disc is salvageable and if the remaining condyle is adequate to withstand normal functional loading and stress forces.
SURGICAL FINDINGS
Surgery usually reveals an anterior or anteromedial displacement of the articular disc. The hyperplastic synovial tissue covers the condylar head. This tissue may appear amorphous in nature, with little vascular component and usually no inflammation. Examination of the condylar head and glenoid fossa usually reveals what appears to be intact fibrocartilage covering the structures, without evidence of erosion or osteophytic formation. The articular disc may or may not demonstrate significant deformation and degenerative changes, depending on the length of time that the disc has been displaced. Histological examination of the retrodiscal tissues demonstrates synovial hyperplasia. If the fibrocartilage is absent and erosion is present on the condyle and fossa, then the disease process is not ICR.
NEW SURGICAL TREATMENT PROTOCOL
Wolford and Cardenas developed the most effective and reliable method of treating ICR (15) . The hyperplastic synovial tissue is removed from the joint, and the articular disc is reposia b tioned and stabilized to the condyle by using a Mitek mini anchor (Mitek Products, Inc., Westwood, Mass) placed in the posterior aspect of the condylar head with two 0-Ethibond sutures (Ethicon Inc., Somerville, NJ) attached, functioning as artificial ligaments (23, 24) (Figure 4 ). Orthognathic surgery (i.e., surgical repositioning of the upper and lower jaws) is then done to correct the associated jaw and occlusal deformities. This treatment protocol effectively eliminates the TMJ pathology and corrects the functional and aesthetic dentofacial deformity with one surgical procedure. If surgeons prefer, the TMJ surgery can be done as a separate procedure from the orthognathic surgery, but the TMJ surgery must be done first. Attempting to treat ICR cases with orthognathic surgery alone strongly encourages further condylar resorption, redevelopment of functional and aesthetic deformities, worsening TMJ symptoms and dysfunction, and worsening pain and increases the patient's chance of requiring extensive additional surgery. Because most of these patients have retruded jaw structures and those with more severe disease are likely to have significant sleep apnea symptoms, the optimal functional and aesthetic results are often best achieved by a counterclockwise rotation of the maxilla and mandible. We previously described the facial characteristics of individuals with high occlusal plane angle facial morphology (25, 26) . These facial characteristics are commonly seen in patients with ICR. Chemello et al demonstrated that counterclockwise rotation of the maxillomandibular complex is a very stable procedure in patients with healthy jaw joints (27) . In our treatment protocol for ICR, the TMJ discs are surgically repositioned and stabilized, eliminating the disease process. With an adequate remaining condyle, the TMJ can withstand the loading of the counterclockwise rotation of the maxillomandibular complex.
Arthroscopy and arthrocentesis techniques do not remove the hyperplastic synovial tissues of ICR, nor do they reposition the articular disc into a normal functional position. These techniques are predictably unsuccessful in treating this disease process. In ICR cases in which the disc is nonsalvageable but adequate condyle remains, the hyperplastic synovial tissue should be removed and the disc replaced with autogenous tissues. However, treatment results in such cases are far less predictable. A meniscectomy alone is not recommended, as this introduces other arthritic conditions. In more severe cases in which the condyle is nonsalvageable, condylar replacement may be necessary; appropriate techniques include a sternoclavicular joint graft, costochondral graft, or, my preference, the TMJ Concepts total joint prosthesis (TMJ Concepts Inc., Camarillo, Calif) (28, 29) .
STABILITY OF RESULTS
Only one study in the literature shows highly reliable results for the management of patients with ICR. Wolford and Cardenas reported on 12 patients with ICR who had documented active condylar resorption at surgery and were treated by the same protocol presented here (15) . The average age at surgery was 21 years (range, 14 to 36 years). In the older patients, the condition began in their teenage years, went into remission, and was reinitiated later on. The average presurgical rate of condylar resorption was 1.5 mm per year, indicating a slow but progressive disease process that caused the mandible to become more retruded at a rate of approximately 2.5 mm per year. The occlusal plane angle increased at a rate of 2° per year. Surgical intervention included removal of the hyperplastic synovial tissue, repositioning of the articular discs with Mitek anchors, and orthognathic surgery in which the mandible was advanced an average of 10.9 mm (range, 2 to 18 mm) and the occlusal plane angle decreased an average of -7.8° (range, -5° to -12°).
The postsurgical follow-up average was 33.2 months (range, 18 to 68 months). The average postsurgical condylar length change was +0.2 mm (range, -0.5 to +1.5 mm). During the postsurgery period, the mandible moved slightly forward, an average of +0.3 mm (range, -0.5 mm to +2 mm), and the average occlusal plane angle change was +0.04° (range, 0° to 0.5°). These changes from immediately after surgery to the longest follow-up were not statistically significant.
Five patients were younger than 16 years at the time of surgery, and these patients exhibited a modest amount of postsurgical condylar growth, with an average increase in condylar height of +0.43 mm (range, -0.1 to 1.5 mm). In all 12 patients, jaw function remained unchanged with no statistically significant difference between presurgical and postsurgical incisal openings (47 mm) or excursive movements (>7 mm). Decrease in pain after surgery, as measured on the visual analog pain scale (0 = no pain to 10 = worst pain) was statistically significant; the average presurgical pain score was 3.5 (range, 0 to 9), and the average postsurgical pain score was 0.7 (range, 0 to 4).
DISCUSSION
Patients predisposed to ICR are usually teenage girls in their pubertal growth phase; they typically have high occlusal plane angle facial types and class II skeletal and occlusal relationships. They are often candidates for orthodontics and orthognathic surgery even before the onset of the disease. Since ICR usually develops during pubertal growth, some patients are in orthodontic treatment at the onset of the disease. In most cases, ICR develops regardless of orthodontic or orthognathic surgical intervention. However, these procedures can increase loading or stress on the TMJ and can initiate or accelerate the rate of condylar resorption. In some ICR cases the pathology is self-limiting, with only moderate amounts of bone resorption, whereas in other cases the entire head and neck of the condyle can be resorbed. If the disease does go into remission, it can be easily reactivated by parafunctional habits, trauma, orthodontics, orthognathic surgery, or other factors that load or stress the joint.
In ICR, the ligaments that normally stabilize the articular disc in position are severely degenerated. Use of the Mitek anchor with artificial ligaments (22, 23) has significantly improved the stability of results in disc-repositioning procedures, particularly in treating ICR. A Mitek anchor supports 2 artificial ligaments (0-Ethibond sutures) threaded through the eyelet of the anchor and secured to the articular disc. The Mitek anchors are extremely stable and osseointegrate with the bone in the condylar head (30, 31) . An important finding in our ICR study was that 5 of the 6 patients who were 16 years old or younger at the time of surgery demonstrated some modest postsurgical growth (15) . This indicates a reversal of the disease process from resorption and progressive lower jaw retrusion to subsequent return of growth.
The best results in the management of ICR involve early detection of the disease process and early surgical management. The earlier ICR is treated, the more likely the following will occur: reduction of resorption of the condyle, thus maintaining a greater condylar dimension; reduction of distortion and degeneration of the articular disc; and improvement of postsurgical distribution of loading forces on the joint structures. The high predictability of treatment outcomes with this protocol for ICR substantiates the suggestion that early diagnosis and initiation of this specific treatment protocol yield the best functional, occlusal, and aesthetic success, with long-term stability and elimination of or significant reduction in pain.
Case 1
This 15-year-old girl, who was undergoing orthodontic treatment, was referred by her orthodontist because she was developing a significant jaw deformity; her mandible was becoming more retruded, and she was having difficulty chewing because her teeth didn't fit together (Figure 1a-1c) . She had no pain, headaches, TMJ noises, or dysfunction. Her diagnoses included bilateral ICR of the TMJs, anteroposterior mandibular hypoplasia, maxillary posterior vertical hypoplasia, anteroposterior microgenia, high occlusal and mandibular plane angles, and class II occlusion with an open bite (Figure 3a) . MRI showed significant loss of condylar volume bilaterally and anterior displacement of the articular discs (Figure 2) . Serial cephalometric and tomographic analysis confirmed active condylar resorption. Her treatment included 1) presurgical orthodontics to continue to align and level the dental arches; 2) surgery (Figure 3b) , including a) bilateral repositioning of the TMJ articular disc, ligament repair with Mitek anchors, and removal of hyperplastic synovial tissue; b) bilateral mandibular ramus osteotomies to advance the man- Figure 1 shows the patient before and 3 years after surgery; the photographs reveal excellent stability and significant improvement in her functional and aesthetic facial balance. She has no pain or headache problems. Postsurgical condylar growth was 1 mm. (Orthodontics by Dr. Fred Spradley, Fort Worth, Tex.)
Case 2
This 16-year-old girl was referred because her lower jaw began shifting to the left, developing a class II occlusion and an anterior open bite tendency (Figure 5a-5c ). She also complained of severe headaches, jaw and neck pain, and difficulty chewing. Her diagnosis included bilateral ICR of the TMJs, with the left side worse than the right side; mandibular anteroposterior deficiency; maxillary anterior vertical hyperplasia (Figure 6a) ; anteroposterior microgenia; and myofascial pain, TMJ pain, and headaches. MRI revealed bilateral anterior displacement of the articular discs and diminutive condylar size. Serial TMJ tomograms revealed progressive condylar resorption. Her visual analog pain scale score was 9 (0 = no pain, 10 = most severe pain). Treatment included 1) presurgical orthodontics to align and level the dental arches; 2) surgery (Figure 6b) , including a) bilateral TMJ articular disc repositioning, ligament repair with Mitek anchors, and removal of hyperplastic synovial tissues; b) bilateral mandibular ramus osteotomies to advance the mandible in a counterclockwise direction; c) multiple maxillary osteotomies to move the anterior aspect superiorly and expand and level the occlusal plane; and d) augmentation genioplasty; and 3) postsurgical orthodontics to refine occlusion. Figure 5 shows the patient before and 6 years after surgery, demonstrating excellent stability of results. The patient had a significant decrease in her headache pain levels (visual analog pain score decreased from 9 before surgery to 3 after surgery) and no TMJ pain. The residual headaches are consistent with vascular or stress-related pain. At long-term follow-up, her right condyle had grown 1 mm, and her left condyle had grown 1.5 mm.
CONCLUSION
ICR can be treated very effectively with the specific treatment protocol described here, provided the articular discs and condyles are still salvageable. Other pathological conditions must be ruled out, because they may require different treatment protocols.
